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Polarized ρ mesons and the asymmetry between
∆d¯(x) and ∆u¯(x) in the sea of the nucleon
R. J. Fries∗ and A. Scha¨fer
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Universita¨t Regensburg, 93040 Regensburg
Abstract
We present a calculation of the polarized ρ meson cloud in a nucleon using
time-ordered perturbation theory in two different variants advocated in the lit-
erature. We calculate the induced difference between the distributions ∆d¯(x)
and ∆u¯(x). We use a recent lattice calculation to motivate an ansatz for the
polarized valence quark distribution of the ρ meson. Our calculations show that
the two theoretical approaches give vastly different results. We conclude that
∆d¯(x)−∆u¯(x) can be of relevant size with important consequences for the com-
bined fits of polarized distribution functions.
It is experimentally established beyond doubt that d¯(x) and u¯(x) in the nucleon
differ substantially [1, 2, 3]. The difference can be described as due to the meson cloud
in the nucleon. The relevant process is shown in fig. 1. The nucleon splits up into a
meson and a baryon and the meson is hit by the photon in a deep inelastic scattering
experiment.
The dominant role in the unpolarized case is played by the pion. It is clear that a
proton prefers being accompanied by a π+ instead of an π− since in the first case the
remaining baryon can be a neutron, but in the second case the remaining baryon with
the lowest lying mass is the ∆(1232) resonance. Therefore one can find an enhancement
of d¯ quarks over u¯ quarks in the proton. A large number of papers has been published
on this subject, e.g. [4, 5, 6, 7, 8, 9, 10].
Proceeding a step further in this direction one can ask the question whether there is
also an asymmetry in the polarized sea, more precisely between the distributions ∆d¯(x)
and ∆u¯(x). Up to now it is not possible to extract such an asymmetry from experiments
but the situation could change in the future. It is clear that the meson cloud model
predicts such an asymmetry. The mechanism is the same as in the unpolarized case,
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Figure 1: The MNB process. A nucleon N splits up into a meson and a baryon and
the meson is hit by a photon in a deep inelastic scattering experiment.
now with the lightest polarizable meson — the ρ-Meson with a mass of 770 MeV — in
the role of the pion. There have already been attempts to derive this asymmetry from
quark distribution functions calculated in the chiral quark-soliton model [11, 12].
In this publication we present a calculation of the difference between the light
polarized antiquark distributions. We take into account the processes where a nucleon
N fluctuates into ρ and N (ρNN) and into ρ and ∆ (ρN∆). Let us consider the process
in fig. 1 in an infinite momentum frame with P , P ′, k and q being the four-momenta
of the incoming nucleon, the outgoing baryon, the meson and the photon respectively.
We are only interested in spin 1 mesons and S, S ′ and λ shall denote the helicities of
the nucleon, the baryon and the meson.
The contribution δq¯σ of theMNB process in fig. 1 to the distribution of antiquarks
of a given flavour with helicity σ in a nucleon N is described by the well known
convolution formula [9]
xδq¯σ(x) =
∑
λ
∫ 1
x
dyfλMNB(y)
x
y
q¯σM,λ
(
x
y
)
(1)
where
x =
Q2
2P · q (2)
is the usual Bjorken variable with Q2 = −q2 and
y =
k · q
P · q (3)
is the momentum fraction of the nucleon carried by the meson. fλMNB(y) denotes the
probability distribution for a meson M with helicity λ in the nucleon due to theMNB
process and q¯σM,λ gives the probability to find an antiquark of a given flavour with
helicity σ in a Meson with helicity λ. As a shorthand notation for the convolution we
use δq¯σ = fλMNB ⊗ q¯σM,λ in the following. Now let us consider a proton with helicity
2
+1/2 (or briefly ↑) as the incoming nucleon. With the usual definitions of the helicity
asymmetry in the nucleon
∆q¯ = q¯↑ − q¯↓ (4)
and in the meson
∆q¯M = ∆q¯
↑
M,1 −∆q¯↓M,1 = ∆q¯↓M,−1 −∆q¯↑M,−1 (5)
and with the notation
∆fMNB = f
1
MNB − f−1MNB (6)
for the polarization of the meson cloud we can write e.g. the contribution of the process
p→ ρ+ + n to the polarization of the d¯ quarks as
δ(∆d¯) = ∆fρ+pn ⊗∆d¯ρ+ . (7)
Charge symmetry tells us that
∆d¯ρ+ = ∆u¯ρ− = 2∆d¯ρ0 = 2∆u¯ρ0 =: ∆vρ. (8)
Taking into account all possible isospin channels of the ρNN and ρN∆ processes we
obtain
δ(∆d¯) =
(
5
6
∆fρNN +
1
3
∆fρN∆
)
⊗∆vρ (9)
δ(∆u¯) =
(
1
6
∆fρNN +
2
3
∆fρN∆
)
⊗∆vρ (10)
and finally
∆d¯−∆u¯ =
(
2
3
∆fρNN −
1
3
∆fρN∆
)
⊗∆vρ. (11)
fρNN and fρN∆ are the total ρ distributions summed over all isospin channels with a
proton as the initial nucleon.
For the calculation of the ρ distributions we use time-ordered perturbation theory
(TOPT) in the infinite-momentum frame [13, 14] which guarantees on-shellness for the
mesons in contrast to the usual covariant approach where the meson is not on its mass
shell. The TOPT approach has become very popular in recent times since the fact
that the meson is no longer off-shell removes a big problem of the early calculations.
As a disadvantage there is no energy conserving δ-function at the MNB vertex.
In the infinite momentum frame the three momentum of the proton is (0, 0, p)
with p tending to infinity and the momentum of the meson can then be written as
(k⊥ cosϕ, k⊥ sinϕ, yp) with a transverse momentum k⊥. It has been shown that only
time-ordered diagrams with all particles moving forward in the infinite momentum
frame contribute, others are suppressed by 1/p2. Therefore y takes only values between
0 and 1 [7, 9, 14]. One can write the meson distribution as an integral
fλMNB(y) =
∑
s′
∫ ∞
0
dk2⊥
∣∣ΦMBλs′ (y, k2⊥)∣∣2 (12)
3
where ΦMBλ,s′ is the helicity dependent amplitude for the MNB process considered. The
helicity s′ of the baryon is not observed, so it is summed over. The amplitudes are
given by [9]
ΦMBλs′ (y, k
2
⊥) =
√
MM ′
2π
√
y(1− y)
V MBλs′ (y, k
2
⊥)G(y, k
2
⊥)
M2 − s2MB(y, k2⊥)
. (13)
The masses of the nucleon, the outgoing baryon and the ρ meson are denoted here
with M , M ′ and m and
s2MB(y, k
2
⊥) =
k2⊥ +M
2
1− y +
k2⊥ +m
2
y
(14)
is the invariant squared mass of the meson-baryon state. The vertex function V MBλs′
contains the vector and spinor structure of the vertex contracted with the fields and
depends on the Lagrangian used for the effective meson nucleon interaction. As usual
a form factor must be introduced for the interaction which is parameterized in this
case in exponential form
G(y, k2⊥) = exp
[
M2 − s2MB(y, k2⊥)
2Λ2MNB
]
(15)
as a function of the squared mass sMB and with the cutoff parameter ΛMNB.
The Lagrangians of the effective ρNN and ρN∆ interaction are [15]
LρNN = gρNN ψ¯γµφµψ + fρNN ψ¯σµνψ(∂µφν − ∂νφµ), (16)
and
LρN∆ = gρN∆ψ¯iγ5γµΨν(∂µφν − ∂νφµ) + h.c. (17)
with the Dirac field ψ for the nucleon, the Rarita-Schwinger field Ψν for the ∆ and the
vector field φµ for the ρ meson. The vertex functions therefore are
V ρNλS′ = gρNN u¯(P
′, s′)γµǫ∗µ(k, λ)u(P, 1/2) +
+ 2fρNN u¯(P
′, S ′)iσµνkµǫ
∗
νu(P, 1/2), (18)
V ρ∆λs′ = gρN∆U¯
ν(P ′, S ′)iγ5γ
µu(p, 1/2)
[
ikµǫ
∗
ν(k, λ)− ikνǫ∗µ(k, λ)
]
, (19)
where u is a Dirac spinor, Uµ a Rarita-Schwinger spinor and ǫµ the polarization vector
of the ρ meson.
There were some discussions whether this is the correct choice [9, 16]. The reason
for this is the appearence of some explicit factors of k in (18) and (19). They arise from
the derivatives of the meson field in the interaction Lagrangians. The argument is that
in spite of the absent energy conservation one should not use the on-shell momentum
vector k of the meson in that case (A) but replace it by the vector k˜ = P −P ′ instead
(B). Note that only the space-like components of both vectors coincide. The definition
of y and the polarization vectors of the meson remain unchanged. We do not want
4
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Figure 2: Distributions fλρNN (y) of the ρ mesons from the ρNN process for helicities
λ = 1 (dashed line), 0 (dotted line) and −1 (dashed-dotted line). The solid line
shows the sum over all helicities and the line with circles the polarization ∆fρNN (y) =
f 1ρNN(y)− f−1ρNN(y). Method (A) and a cutoff ΛρNN = 900 MeV in the formfactor are
used.
to make a decision in this matter. Obviously such calculations still lack a really solid
theoretical basis and have to be interpreted as effective models to be judged by their
phenomenological success. Both methods have been used to calculate unpolarized
contributions of the ρ meson to quark distributions, see e.g. [7] for (A) and [9, 16] for
(B). In this respect both procedures do roughly equally well.
We will present here calculations for both methods to get a feeling for the theoretical
uncertainties involved. We find in fact large differences between the numerical results
indicating that the theoretical treatment needs substantial improvement. Combining
all the input we obtain for the helicity dependent and isospin summed distribution
functions from the ρNN process the results given in the appendix for both prescrip-
tions. For the numerical calculations we used the coupling constants g2ρNN/(4π) = 0.84,
fρNN = 6.1gρNN/(4M) and g
2
ρN∆/(4π) = 20.45 given in [9, 15]. Figs. 2 and 3 show
the distributions of the ρ mesons from the ρNN and the ρN∆ process respectively
for different helicities obtained from method (A). In Figs. 4 and 5 the same curves are
plotted from method (B).
Note that method (A) favours the ρmesons with helicity +1 without suppressing the
other helicities too much. In contrast, method (B) leads to an overwhelming dominance
of helicity +1 for the ρNN channels but for ρN∆ we have more mesons with helicity
−1. Note also that method (B) gives a peak at x ≈ 0.55 for the unpolarized distribution
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Figure 3: The same as in fig. 2, now for the ρN∆ process obtained from method (A)
and with a cutoff ΛρN∆ = 900 MeV.
from the ρNN process while the distributions calculated with method (A) peak below
0.5. From the mass ratio of the ρ on one side and the nucleon or the ∆ on the other
side we would naively expect the meson to carry less than 50% of the total momentum
in average.
In Figs. 6 and 7 we compare the polarized distributions ∆f(y), which are relevant
for our problem, for both methods and different cutoffs. The cutoffs for the ρNN
and ρN∆ vertices are not very well known. Holtmann et al. [9] use Λ = 1100 MeV
for the ρNN vertex and Λ = 980 MeV for the the ρN∆ vertex from fits to diffractive
scattering data. With view to the serious problems of fixing the πNN formfactor [8, 17]
we decided to vary the cutoff parameters and keep the unpolarized ρ distributions of
both methods in comparable size. The unpolarized curves can also be compared with
those in [7] for method (A) and in [16] for method (B). Unfortunately the dependence
on the cutoff is for the ρ much larger than for the pion as already stated by Thomas
and Melnitchouk [7]. Figs. 6 and 7 show the large differences between (A) and (B).
One notes also that both models predict a partially negative polarization of the ρ cloud
from the ρN∆ process.
A big obstacle for considering contributions of mesons to the polarized sea of the
nucleon is up to now our lack of knowledge about the polarized structure functions
of vector mesons [18]. It is common to set the unpolarized valence quark distribution
of the ρ equal to that of the pion. For our purpose we need the helicity asymmetry
∆vρ(x) of a valence quark in the ρ meson which has not yet been measured. A recent
lattice calculation [19] shows that the polarization of the valence quarks in the ρ should
6
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Figure 4: The same as fig. 2, now obtained from method (B) with a cutoff parameter
ΛρNN = 850 MeV.
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Figure 5: The same as fig. 3, now obtained from method (B) with a cutoff parameter
ΛρN∆ = 850 MeV.
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Figure 6: The polarization ∆fρNN (y) of the ρ meson cloud from the ρNN process
calculated with method (A) and cutoff parameters ΛρNN = 1100 MeV, 1000 MeV,
900 MeV and 800 MeV (solid lines from top to bottom) and with method (B) and the
cutoffs ΛρNN = 950 MeV, 850 MeV, 750 MeV and 650 MeV (dashed lines from top to
bottom).
be approximately 60%. Therefore we set ∆vρ(x) = 0.6 vpi(x) where vpi is the valence
quark distribution of the pion. Here we use the parameterizations of Glu¨ck, Reya and
Vogt for the pion [20]. This is a rather bold ansatz but it enables us to get a first
estimate for the flavour asymmetry in the polarized sea of the nucleon.
In figs. 8 we present our final results. The contributions to x∆d¯(x) − x∆u¯(x)
from the ρNN and ρN∆ processes are calculated with prescriptions (A) and (B). For
both methods we chose four different cutoff parameters Λ = ΛρNN = ΛρN∆. The first
point which attracts attention is the large difference between the results of (A) and
(B). In view of the wide range of possible results it is clear that the influence of the
polarized ρ mesons is not necessarily negligible. Current parameterizations for x∆q¯(x)
give typically a value around 0.02 or less for x = 0.1 [21, 22]. Thus the asymmetry
in the polarized nucleon sea could be a 50% effect. References [11, 12] predict even a
larger asymmetry. Note that in these papers ∆u¯(x) and ∆d¯(x) are defined with the
opposite sign [23]. Tab. 1 gives our numerical values for
I =
∫ 1
0.01
dx
(
∆d¯−∆u¯) (20)
for the different models plotted in fig. 8.
Let us summarize our work. We calculated the helicity dependent distributions
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Figure 7: The same as fig. 6 now for the ρN∆ process and again cutoff parameters
ΛρN∆ = 1100 MeV, 1000 MeV, 900 MeV and 800 MeV (solid lines from top to bottom)
for method (A) and ΛρN∆ = 950 MeV, 850 MeV, 750 MeV and 650 MeV (dashed lines
from bottom to top at y = 0.4) for method (B).
of ρ mesons in a proton with two models. Under convolution the different shapes of
the ρ distributions do not translate directly into the quantity x∆d¯(x) − x∆u¯(x) but
remarkable differences remain. Also the determination of the correct formfactors from
unpolarized data should be improved. Bearing all that caveats in mind it is clear that
our results show that the flavour asymmetry in the polarized sea can be relevant for
the present DESY, SLAC and CERN spin experiments.
We strongly thank G. Piller, W. Weise and M. Go¨ckeler for discussions. The fruit-
ful conversation with A. W. Thomas, W. Melnitchouk and A. Szczurek is gratefully
acknowledged. This work was supported by BMBF.
(A) (B)
I Λ[MeV] I Λ[MeV]
0.0064 1100 0.027 950
0.0052 1000 0.011 850
0.0030 900 0.0034 750
0.0013 800 0.00067 650
Table 1: Results for the Integral I =
∫ 1
0.01
dx (∆d¯(x) − ∆u¯(x)) for both methods and
different formfactors Λ = ΛρNN = ΛρN∆.
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Figure 8: The asymmetry x(∆d¯(x) − ∆u¯(x)) calculated with the ρ distributions of
method (A) and cutoff parameters ΛρNN = ΛρN∆ = 1100 MeV, 1000 MeV, 900 MeV
and 800 MeV (solid lines from top to bottom) and with method (B) and ΛρNN =
ΛρN∆ = 950 MeV, 850 MeV, 750 MeV and 650 MeV (dashed lines from top to bottom)
at Q2 = 2 GeV2.
Appendix
Here we give our results for the ρ distributions. Using the on-shell meson momentum
k at the vertex (A) we obtain
f 1ρNN (y) =
3
8π2y3(1− y)2
∫ ∞
0
dk2⊥ F
2(y, k2⊥)
(M2 − s2ρN(y, k2⊥))2{
g2
[
k2⊥ + y
4M2
]
++4gfyM
[
k2⊥ + y
(
y2M2 − (1− y)m2)]+
+ 4f 2
[
y2M2k2⊥ +
(
y2M2 − (1− y)m2)2]}, (21)
f 0ρNN (y) =
3
16π2y3(1− y)2m2
∫ ∞
0
dk2⊥ F
2(y, k2⊥)
(M2 − s2ρN (y, k2⊥))2{
g2
[
k2⊥ + y
2M2 − (1− y)m2]2 + 4gfy2m2M[k2⊥ + y2M2 −
− (1− y)m2]+ 4f 2m4 [(2− y)2k2⊥ + y4M2]
}
, (22)
10
f−1ρNN (y) =
3
8π2y3(1− y)2
∫ ∞
0
dk2⊥ F
2(y, k2⊥)
(M2 − s2ρN(y, k2⊥))2
k2⊥
{
g2(1− y)2 − 4fgy(1− y)M + 4f 2 [k2⊥ + y2M2]
}
(23)
for the ρNN process and
f 1ρN∆(y) =
g2
24π2y3(1− y)4M ′2
∫ ∞
0
dk2⊥ F
2(y, k2⊥)
(M2 − s2ρ∆(y, k2⊥)){
k6⊥ + k
4
⊥M
′2 [3− 4y(1− y)] +
+ k2⊥M
′
[
4y(1− y)3m2M + 2y4M ′3 + y2(2− y)2M ′3]−
− 2y2(1− y)3m2MM ′3 + y4M ′6 + (1− y)6m4M2
}
, (24)
f 0ρN∆(y) =
g2m2
12π2y3(1− y)2M ′2
∫ ∞
0
dk2⊥ F
2(y, k2⊥)
(M2 − s2ρ∆(y, k2⊥))2{
k4⊥ + k
2
⊥
[
2M ′2 + (1− y)2(M2 +M ′2)]+
+ y2M ′4 − 2y2(1− y)MM ′3 + y2(1− y)2M2M ′2
}
, (25)
f−1ρN∆(y) =
g2
24π2y3(1− y)2M ′2
∫ ∞
0
dk2⊥ F
2(y, k2⊥)
(M2 − s2ρ∆(y, k2⊥))2{
k4⊥M
2 + k2⊥
[
4y2M2M ′2 − 4y(1− y)m2MM ′ + (1− y)2m4]+
+ 3y4M2M ′4 − 6y2(1− y)m2MM ′3 + 3(1− y)2m4M ′2
}
, (26)
for the ρN∆ process.
For the vector k˜ = P − P ′ (B) the results are
f 1ρNN(y) =
3
8π2y3(1− y)2
∫ ∞
0
dk2⊥ F
2(y, k2⊥)
(M2 − s2ρN (y, k2⊥))2{
g2
[
k2⊥ + y
4M2
]
++4gfM
[
y(1 + y)k2⊥ + 2y
4M2
]
+
+ 4f 2
[
k4⊥ + 5k
2
⊥y
2M2 + 4y4M4
] }
, (27)
f 0ρNN(y) =
3
16π2y3(1− y)4m2
∫ ∞
0
dk2⊥ F
2(y, k2⊥)
(M2 − s2ρN(y, k2⊥))2[
k2⊥ + y
2M2 − (1− y)m2]2[
g2(1− y)2 − 2gfy2(1− y)M + f 2 (k2⊥(2− y)2 + y4M2)] , (28)
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f−1ρNN(y) =
3
8π2y3(1− y)2
∫ ∞
0
dk2⊥ F
2(y, k2⊥)
(M2 − s2ρN (y, k2⊥))2
k2⊥
{
g2(1− y)2 − 4fgy(1− y)M + 4f 2 [k2⊥ + y2M2]
}
, (29)
f 1ρN∆(y) =
g2
24π2y3(1− y)4M ′2
∫ ∞
0
dk2⊥ F
2(y, k2⊥)
(M2 − s2ρ∆(y, k2⊥))2{
k6⊥ + k
4
⊥
[
(1− y)4M2 − 4(1− y)2yMM ′ +
+ (4y2 − 4y + 3)M ′2]+ k2⊥[2y4M ′4 + y2(2− y)2M ′4 −
− 2(1− y)5yM4 + 4(1− y)3y2M3M ′ − 2(1− y)2y2MM ′3 +
+ 2(1− y)4yM2M ′2]+ (1− y)6y2M6 − 2(1− y)5y2M4M ′2 −
− 2(1− y)3y3M3M ′3 + (1− y)4y2M2M ′4 +
+ 2(1− y)2y3MM ′5 + y4M ′6
}
, (30)
f 0ρN∆(y) =
g2
48π2y3(1− y)4m2M ′2
∫ ∞
0
dk2⊥ F
2(y, k2⊥)
(M2 − s2ρ∆(y, k2⊥))2{
k8⊥ + k
6
⊥
[
(y2 + 3)M ′2 + (1− y)(1− 3y)M2 −
− 2(1− y)m2]+ k4⊥[(((1− y)M2 −M ′2)y + (1− y)m2)2 −
− 2(((1− y)M2 −M ′2)y + (1− y)m2)(
(1− y)2M2 + (2 + (1− y)2)M ′2)+ y2M ′4 −
− 2(1− y)y2MM ′3 + (1− y)2y2M2M ′2]+
+ k2⊥
[(
((1− y)M2 −M ′2)y + (1− y)m2)2(
(1− y)2M2 + (2 + (1− y)2)M ′2)−
− 2(((1− y)M2 −M ′2)y + (1− y)m2)(y2M ′4 − 2(1− y)y2MM ′3 +
+ (1− y)2y2M2M ′2)]+ [((1− y)M2 −M ′2)y + (1− y)m2]2[
y2M ′4 − 2(1− y)y2MM ′3 + (1− y)2y2M2M ′2]}, (31)
f−1ρN∆(y) =
g2
24π2y2(1− y)3M ′2
∫ ∞
0
dk2⊥ F
2(y, k2⊥)
(M2 − s2ρ∆(y, k2⊥))2{
k6⊥ + k
4
⊥
[
4yMM ′ + y2M2 + (1− y)2M2 +
+ 3M ′2 + 2yM ′2
]
+ k2⊥
[
(1− y)2y2M4 − 4(1− y)y2M3M ′ +
+ (y2 + 6y)M ′4 − 2(−y3 − 4y2 + 3y)M2M ′2 +
+ 10y2MM ′3
]
+ 3y2M ′6 + 6y3MM ′5 +
+ 3y4M2M ′4 − 6(1− y)y3M3M ′3 + 3(1− y)2y2M4M ′2 −
12
+ 6(1− y)y2M2M ′4
}
. (32)
References
[1] New Muon Collaboration (P. Amaudruz et al.): Phys. Rev. Lett. 66, 2712 (1991)
[2] New Muon Collaboration (M. Arneodo et al.), Phys. Rev. D 50, R1 (1994)
[3] FNAL E866/NuSea Collaboration (E. A. Hawker et al.), hep-ex/9803011
[4] E. M. Henley and G. A. Miller, Phys. Lett. 251 B, 453 (1990)
[5] S. Kumano and J. T. Londergan, Phys. Rev. D 44, 717 (1991)
[6] W.-Y. P. Hwang, J. Speth and G. E. Brown, Z. Phys. A 339, 383 (1991)
[7] W. Melnitchouk and A. W. Thomas, Phys. Rev. D 47, 3794 (1993)
[8] W. Koepf, L. L. Frankfurt and M. Strikman, Phys. Rev. D 53, 2586 (1996)
[9] H. Holtmann, A. Szczurek and J. Speth, Nucl. Phys. A 569, 631 (1996), hep-
ph/9601388
[10] S. Kumano, Phys. Rep. 303, 183 (1998), hep-ph/9702367 v2
[11] D. Diakonov, V. Petrov, P. Pobylitsa, M. Polyakov, C. Weiss, Nucl. Phys. B 480,
341 (1996), hep-ph/9606314
[12] D. Diakonov, V. Petrov, P. Pobylitsa, M. Polyakov, C. Weiss, Phys. Rev. D 56,
4069 (1997), hep-ph/9703420
[13] S. Weinberg, Phys. Rev. 150, 1313 (1966)
[14] S. D. Drell, D. J. Levy and T.-M. Yan, Phys. Rev. D 1, 1035 (1970)
[15] R. Machleidt, K. Holinde and Ch. Elster, Phys. Rep. 149, 1 (1987)
[16] A. W. Thomas and W. Melnitchouk, Proc. of JSPS-INS Spring School, Shimoda
1993 (eds. S. Homma, Y. Akaishi and M. Wada, World Scientific)
[17] R. J. Fries and A. Scha¨fer, Phys. Rev. C 57, 3470 (1998), hep-ph/9801358
[18] P. Hoodbhoy, R. L. Jaffe and A. Manohar, Nucl. Phys. B 312, 571 (1989)
[19] C. Best et. al., Phys. Rev. D 56, 2743 (1997), hep-lat/9703014
13
[20] M. Glu¨ck, E. Reya and A. Vogt, Z. Phys. C 53, 651 (1992)
[21] T. Gehrmann and W. J. Sterling, Phys. Rev. D53, 6100 (1996), hep-ph/9512406
[22] M. Glu¨ck, E. Reya et al., Phys. Rev. D 53, 4775 (1996), hep-ph/9508347
[23] M. Polyakov, private communication
14
